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RAPID PROTOTYPING PROCESS BY LASER SINTERING OF POWDER 

AND ASSOCIATED DEVICE 

The present invention has for its object a process 
for the rapid prototyping by powder sintering, particularly of 
ceramic powder, and a device for practicing said process. 

Rapid prototyping is a process which permits 
obtaining pieces of complicated shapes without tools and 
without machining, from a three-dimensional image of the piece 
to be made, by sintering superposed layers of powder with the 
help of a laser. 

A first prototyping process by laser sintering of 
powder is described in international patent application WO 
96/06881. It permits particularly obtaining pieces of polymer 
by sintering in liquid phase polymeric powders. In this case, 
the temperature level generated by the laser is relatively low 
because the fusion temperatures of the polymers are not high, 
of the order of about 100°. 

So as to obtain more resistant pieces of material, 
it is necessary, in this case, to use a so-called lost wax 
molding process . 

This process for making a resistant piece is long 
and there is obtained a relatively mediocre dimensional 
precision for certain applications. Thus, numerous disper- 



sions arising from the different processes do not permit 

obtaining precise dimensions of the order of ±50 /im. 

\ A second process consists in sintering in liquid 

phase a mixture of powder materials, one of the materials 

having a relatively low metal temperature of the order of 

several hundreds of degrees. Here again, the temperature 

level generated by the laser is relatively low because of the 

low melting temperature of one of the materials. It should be 

noted that the\ phenomenon commonly called sintering is a 

sintering in licLid phase and that it is more like cementing 

of grains, the material of a relatively low fusion temperature 

being used as a btoder. In this case, the piece obtained is 

not homogeneous ank the dimensional precision is relatively 

mediocre. Thus, the\ criterion of dimensional precision is not 

essential in this caste because the operator can easily true by 

machining the dimensions of the pieces thus obtained. 

Another process for rapid prototyping, described in 

U.S. Patent 5,182,170, consists in causing a powder material 

to react, disposed in successive layers, with a gas, by 

heating with the help of a laser. Thus, there can be obtained 

pieces from certain highly resistant ceramics thanks to 

chemical reaction's of the nitriding or cementing type. But 

\ 

this process cannot^ be applied to all ceramics. 

As can be seen, the processes of the prior art do 
not permit obtaining homogeneous pieces from sintered ceramic 
powders because the fusion temperatures of the ceramics are 
too high. 



The devices associated with these processes comprise 
in general a target on which are disposed successively the 
layers of sintered powder, means for emplacing in layers the 
powder, as well as means to control the stroke of the laser. 
5 The produced piece is disposed on the upper surface of a 

piston which can move in a cylinder whose upper end consti- 
tutes the target . 

These devices are in general used at temperatures 
that are not very high and do not permit obtaining pieces of 
IS! precise dimensions, 

m However, for the production of ceramic pieces, a 

|i| dimensional precision is an essential criterion because the 

hi truing of the dimensions obtained at the end of the process is 

" possible only with the aid of a diamond tool, and remains 

lfev reserved for simple point operations without involving 

U = machining. ^ ^ — . ^ 

J; The present invention therefore seeks to provide a 

process for rapid prototyping by laser sintering of any 
powder, and particularly ceramic powders. 

20 It also provides the associated device, adapted to 

be used at high temperatures, around 900°C, and which permits 
obtaining by laser sintering of powders, a piece of high 
dimensional precision of the order of +50 fim, which is to say 
half the precision obtained by devices of the prior art. 

25 To this end, the invention has for its object a 

process for rapid prototyping by sintering in solid phase, 
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with the help of a laser, of a powder of a mixture of powders, 
characterized in that it comprises the steps which consist in: 

1/ obtaining a series of digitized superposed 
sections of an object to be produced, from a three-dimensional 
image of said object, 

2/ spreading in the form of a fine layer the powder 
or the mixture of powders heated to a temperature near the 
sintering temperature in solid phase of said powder or said 
mixture of powders, 

3/ increasing the density of the powder of the 

layer, 

4/ bringing the layer to the sintering temperature 
by sweeping said layer with the help of a laser beam such that 
a sectioned portion of the powder, which corresponds to one of 
the digitized sections of the obj ect to be produced, is 
sintered in solid phase thanks to the supplemental energy 
supplied by the laser, 

steps 2, 3 and 4 being repeated until all the 
digitized superposed sections of the object to be produced are 
obtained . 

Preferably, the powder or the mixture of the powders 
is heated and held at a temperature of the order of 300°C to 
900°C, and the layer is mechanically compacted so as to 
increase its density. 

Preferably, the laser used is a pulsed YAG laser, 
and the wavelength of the emitted radiation is in the near 
infrared . 



The invention also has for its object a device for 
practicing said process, characterized in that it comprises a 
laser having control means for the stroke, in turn controlled 
by a computer interface, a high temperature cell provided with 
5 heating means and a target for a laser beam, a means for 

layering, disposed in said cell, adapted to deposit on the 
target a layer of powder. 

According to a preferred embodiment, it comprises 
compacting means, disposed in the high temperature cell, 
lp adapted to compact the layer being sintering. 

C+ EH Other characteristics and advantages will become 

Rl apparent from the description of a preferred embodiment, which 

UJ description is given by way of example only, with reference to 

i< the accompanying drawings, in which: 

1151 - Figure 1 is a schematic diagram of the principle 

h| of the process of the invention, 

m - Figure 2 is a longitudinal cross-section of the 

device according to the invention, 

- Figure 3 is a transverse cross-section of the 
20 device, and 

- Figures 4A to 4E show a synopsis of the operation 

of the device. . . ^ -^.^/w-^ 

According to the invention, the process for rapid 
prototyping by laser sintering of a ceramic powder or of a 
25 mixture of ceramic powders, comprises the steps which consist 

in : 



5 



1/ obtaining a succession of digitized superposed 
sections 10 of an object 12 to be produced, from a three- 
dimensional image of said object, 

2/ spreading in the form of a fine layer 14 ceramic 
powder or a mixture of ceramic powders heated to a temperature 
near the sintering temperature in solid phase of said powder 
or mixture, 

3/ increasing the density of the powder of the layer 

14, 

4/ bringing the layer to the sintering temperature 
by sweeping said layer with the help of a laser beam 16 such 
that a selected portion 18 of the powder, which corresponds to 
one of the digitized sections 10' of the object 12 to be 
produced, is sintered in solid phase thanks to the energy of 
the laser. 

Steps 2, 3 and 4 are repeated until all the digi- 
tized superposed sections of the object to be produced are 
obtained . 

This process of rapid prototyping by laser sintering 
can be used for sintering any ceramic powder or mixture of 
powders . 

During step 1, the object 12, shown by a digitized 
image in three dimensions, is sliced with the help of software 
so as to obtain a series of digitized superposed sections 10. 

During step 2, the ceramic powder or the mixture of 
ceramic powders is spread in the form of a fine layer 14 of a 
thickness of the order of 200 /xm. The ceramic powder or the 
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mixture of ceramic powders is first heated and held at a 
temperature of 900 °C during the process so as to increase the 
rapidity of production of the object and to reduce the energy 
supplied by the laser 16 as will be explained. 
5 During step 3, the density of the layer 14 is 

increased so as to decrease its porosity, by compacting it for 
example. There is thus obtained a layer 14 of a thickness of 
the order of 100 /xm. 

During step 4, the solid phase sintering of a 
IfflS selected portion 18 of the layer 14 is carried out by direct- 

m ing the laser beam 16 such that it reproduces one of the 

jlj digitized superposed sections 10'. According to the process, 

lij solid phase sintering is used, which is to say that the 

~* sintering temperature remains below the fusion temperature of 

lfel the ceramic powders used. 

Thus, during sintering, in a first instance, 
:*f connection regions, called grain joints, form between the 

particles in contact, then in a second instance, the residual 
porosity between the grains disappears thanks to the phenomena 
20 of diffusion and plastic flow. This sintering is the more 

rapid the more the sintered powder is first compacted and 
heated . 

Thus, by heating the powder, the laser energy serves 
only to supply the quantity of heat necessary to raise the 
25 temperature of the powder from 900 °C to the sintering tempera- 

ture. Because of this, the energy supplied by the laser is 
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reduced and the speed of production of the object is in- 
creased. 

Similarly, by first compacting the layer 14 of 
ceramic powder, the porosity of the powder is decreased, which 
permits having at the beginning of sintering a lesser residual 
porosity, which also contributes to increasing the speed of 
production . 

Preferably, the laser used is a pulsed YAG laser, 
and the emitted radiation wavelength is in the near infrared. 
More precisely, the laser beam has a wavelength of 1064 nm. 

For ceramic powders which do not absorb infrared 
radiation, there is used a dopant, for example zirconium 
silicate, such that the mixture thus obtained absorbs the 
infrared radiation emitted by the laser. 

In Figures 2 and 3, there is shown a device 20 for 
practicing a process of rapid prototyping by laser sintering 
of ceramic powder. It is associated with a computer interface 
(not shown) which permits, starting from a three-dimensional 
image of the object to be produced, slicing said object into 
several layers. This interface is adapted also to control the 
various elements of the device 20 as will be described 
hereafter . 

The device 20 comprises a frame 22, disposed below 
a laser 24, and a horizontal plate 26 disposed in part above 
the frame 22, and whose upper surface 28 defines a working 
plane . 
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The laser 24 comprises means 30 for controlling the 
stroke, subject to the computer interface, which permits 
particularly directing the ray 32. 

These control means 3 0 for the stroke are known to 
those skilled in the art, and form no part of the present 
application . 

The plate 26 comprises two cylindrical openings 34, 
36 which are prolonged below the plate 26 by a first cylinder 
38 and a second cylinder 40 whose internal diameters are equal 
to those of the openings 34, 36. Each cylinder is fixed by a 
small collar 42 to the lower surface of the plate 36 by 
securement means (not shown), screws for example. 

The first cylinder 38, prolonged by the opening 34, 
is called the working cylinder. It is disposed below the 
laser beam 32, and its upper end, which is flush with the 
working plane 28, defines a target 43 for said beam. Similar- 
ly, the second cylinder 40, prolonged by the opening 36, and 
disposed adjacent the first cylinder 38, serves as a reservoir 
for first powdered ceramic material . 

\ Pistons 44, 46 are provided to move in translation 



respectively in the cylinders 38, 40. Each piston 44, 46 is 
fixed to the upper end of a rod 38, whose lower end is fixed 
to an arm 5Q connected to means 52 and 54 for controlling the 
pistons 44, Y16, respectively. These control means 52 and 54, 
in the form tor example of a stepping motor, are subject to 
the computer interface which controls the rising and falling 
of said pistons. 




Means 56 for measuring the real height of the upper 
surface of the piston 44 are provided, to compensate dimen- 
sional disparities arising from mechanical connections and/or 
deformation by expansion of the different elements, so as to 
5 obtain a dimensional precision of the order of +50 /xm. These 

measuring means 56 are formed by an optically read scale 58, 
which is vertical, and fixed to the frame 22 adjacent the 
working cylinder 38. 

Above the plate 26, a thermally insulated chamber 60 
lO permits delimiting with the plate 26 a high temperature cell 

u\ 62. The plate 26 is connected to the frame 22 by insulating 

|1| connection means 64 which permit limiting the propagation of 

lij deformations due to expansion of the plate 26 toward the frame 

~" 22. According to a preferred embodiment, these insulating 

ISs connecting means 64 comprise on the one hand balls 66 disposed 

»i in the upper portion of the frame 22, on which the plate 26 

rests, and on the other hand pins 68, fixed to the sides of 
the plate 26, which rest in recesses 70 of the frame 22 as 
seen in Figure 3 . 

20 In addition, a layer 72 of insulating materials is 

disposed below the plate 26 so as to render the high tempera- 
ture cell 62 as adiabatic as possible. 

On the other hand, heating means 74, in the form of 
a resistance, are disposed inside the cell 62, so as to heat 

25 the atmosphere of the cell to a temperature of the order of 

900 °C. In addition, temperature control means 76, in the form 
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of a thermocouple, permit regulating the temperature within 
the cell . 

A window 78, of a diameter substantially equal to 
the working cylinder 38, is provided in a thermally insulated 
5 chamber 60 in line with the beam 32 and the working cylinder 

38. This window 78, which is thermally insulated, comprises 
filtering means 80, which let pass the near infrared radiation 
of the laser toward the working cylinder 38, but which filter 
out radiation emitted by the black body which constitutes the 
l<3i high temperature cell 62, toward the laser 24. These filter- 

|J] ing means 80 permit limiting the heating of the head of the 

lu laser 24 during its operation. They are comprised by two 

UJ superposed lenses 82, adapted to resist high temperatures, 

» disposed in a lens support 84. 

lgj j JpCS* ^ <Sn the working plane 28, means 68 for forming a 

\\t layer and means 88 for compacting, can move in the direction 

f\ defined by th\ right angle line connecting the centers of the 

cylinders 38 , 

The layering means 86, comprised by a screed 90, 
20 permit transferring the ceramic powder from the reservoir 40 

toward the working cylinder 38, so as to deposit the powder in 
the form of successive layers 92 of equal thicknesses in the 
working cylinder 38. 

The compacting means 88, in the form of a compacting 
25 roller 94, permit compacting the powder of the layer 92 before 

its sintering. 
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i Tiro rods 96, disposed at each end of the roller 94, 

permit connecting the screed 90 to the compacting roller 94 
which is fix4d to an arm 98 connected to control means 100 for 
the layering means 86 and compacting means 88. These control 
5 means 100, id the form for example of a stepping motor, are 

also controlled by the computer interface which at the same 
time controls! the movements of the pistons 44, 46, the 
movements of trie screed 90 and of the roller 44 as will be 
explained hereafter . 

Id! A recess 102 is also provided in the working plane 

-t ^ 

yl 28 beside the opening 34, diametrically opposite the opening 

jlj 36. This recess is adapted to recess the surplus powder when 

h| the screed 9 0 transfers the powder from the reservoir 4 0 to 

Si the working cylinder 38. 

ISi The operation will now be described with respect to 

jn Figures 4A to 4E. 

:=f In Figure 4A, there is schematically shown the 

device in phase 0 of the process. During this phase, piston 
44 of the working cylinder descends by 2 00 /xm, whilst the 

20 piston 46 of the reservoir 40 rises by 200 fxm so as to dispose 

a volume 104 of ceramic powder above the working plane 28. 

During phase 1, shown in Figure 4B, the screed 90 
pushes the volume 104 of ceramic powder, and spreads it 
uniformly in the form of a layer 106 in the working cylinder 

25 38. The volume 104 of powder must be sufficient to avoid a 

shortage of powder in the working cylinder 38, and to obtain 
a layer 106 which is flush with the working plane 28. 
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\ Injuring phase 2, shown in Figure 4C, the screed 90 
has finished spreading the quantity 104 of powder, and the 
roller 92 ia located at point A at the surface of the layer 
106 adjacent W first point of tangency 108 of said roller with 
5 the working cylinder 38. At this time, the piston 44 of the 

working cylinder 3 8 rises by 100 /xm such that a portion of the 
layer 106 is diisposed above the working plane. The roller 92 
then compacts k region 110 of the layer 106 which extends from 
point A to point B located at the surface of the layer 106 
UK adjacent a second point of tangency 112 of said roller with 

01 the working cyldmder 38. 

Ill j£L 

B^qxing phase 3, shown in Figure 4D, the piston 44 of 
yl the working cyl inS^^escends by 100 /xm, to avoid compacting 

J the edges of the working cylirrdej^38 . The roller 92, as well 

l|5i as the screed 90, return to the initTTSb^gosit ion show in 

jil Figure 4A. 

~f During phase 4, shown in Figure 4E, the ceramic 

powder in the compacted region 110 is sintered according to 
the process of the invention, so as to obtain the shape of the 

20 object. After sintering, the piston of the working cylinder 

descends by 100 /xm, and the piston 46 of the reservoir rises 
by 200 fim, so as to place a new volume 104' of ceramic powder 
above the working plane 2 8 and to return to phase 1. 

Thus, the phases 1,2,3 and 4 are repeated for each 

25 new layer until the desired object is obtained. During all 

these phases, the heating means 74 maintains the cell 62 at a 
temperature of the order of 900°C. Thus, the sintered powder 
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is already at a temperature of the order of 900°C, which 
permits limiting the quantity of energy necessary for 
sintering and to increase the speed of production of the 
obj ect . 

5 The process of the invention and the associated 

device have been described for the production of pieces from 
ceramic powder, but there can be envisioned, in exactly the 
same way, by simple adaptation of the different parameters, 
their use for obtaining pieces of any material, and particu- 
l@l larly from metallic powders. 
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